Microstructure and surface impurity segregation
in Al-substituted LisLasZr,04,

Lei Chend? Joong Sun PatkHuaming Hol&®, Vassilia
Zorbd, Guoying Cheh Jordi Cabana Thomas
Richardsoh Richard Russoand Marca Doetf

1 Lawrence Berkeley National Laboratory, Environtaén
Energy Technologies Division, University of Califida,
Berkeley, CA 94720, USA
2 Department of Material Sciences and Engineetimiyersity
of California, Berkeley, CA 94720, USA
3 Optics and Optoelectronics Laboratory, Ocean &hsity of
China, Qingdao 266100, China

One of the important challenges for further develept

of Li-batteries is to increase the practical enedgpsity.
Successful use of lithium metal as the anode netari
rechargeable batteries would enable a very highggne
density device especially when coupled with high
capacity cathodes such as air and sultd}. [There are
severe safety concerns due to the extreme regctit
metallic lithium with most liquid electrolyte solahs.
Use of a solid electrolyte is considered one wagrtable
metallic lithium electrodes given that the critecfhigh
conductivity and good chemical stability are memang
various solid electrolytes, the garnet structure
Li;LagZr,0;, (LLZO) is promising due to its fast ionic
transport {] (conductivity>10'S/cm at room temperature)
and good chemical stability against metallic lithi{f].

Generally, high density and phase pure materiaés ar
favored for solid electrolyte applications becaotbetter
conductivity and mechanical integrity. A typicahtgring
process of LLZO requires pellets covered by the esam
mother powder at a temperature as high as 1230fC fo
more than 30 hrs to densify [3]. Usually, the pelk
sintered but there are porous regions that are not
completely densified P]. This lowers the total
conductivity and increases the risk of lithium detsd
penetration through the porous regions during ogcli
which may lead to an electrical short. High tempem
and long sintering time may result in impurity fation,
especially due to lithium loss at high temperatane Al
incorporation when alumina crucibles are used. High
density LLZO (97%) without a LaAlQimpurity has been
successfully fabricated by hot-pressing at 1006FC [

In this work, we studied the morphology change with
respect to grain size, and impurity formation dgrthe
sintering of the Al-substituted LLZO cubic phaseden
various processing conditions. Specifically, bytcolting

the particle size, we have been able to sinterccubZzO

to a relative density of 94% with 100-20@ grain size
(Fig. 1) at a considerably lower temperature than
previously achieved by the classic ceramic proogssi
techniques. We also investigated the microstructure
surface impurity formation of the same pellets esiatl
under different LLZO powder cover. Laser induced
breakdown spectroscopy was adopted to map the
distribution of impurities in these samples (Fig@je Our
results show that particle size control is critidal
successful densification and that the chemical
composition of the powder cover strongly affects
morphology and impurity formation in the sintered
pellets. These properties, in turn, affect the
electrochemical behavior.
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Figure 2. Al/La signal intensity ratio as a functiof
depth in samples with two different powder covers.
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